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All patients with seropositive sam-
ples lived in the urban centers. The
mean age of the 6 patients was 36.0
years (range 24–56 years), and 83%
were men. Test results for IgM anti-
bodies to SNV conducted on samples
in parallel were negative.
The seroprevalence found in this
study was caused by patient exposure
to hantavirus. However, in the
absence of IgM to SNV, we cannot
link the respiratory symptoms
observed to recent infection with han-
tavirus. Lack of information about the
patients, especially their clinical his-
tory and details of travel to bordering
countries, did not permit an associa-
tion of infection with hantavirus con-
tact in French Guiana. The seropreva-
lence observed is similar to that in
Venezuela, where hantaviruses were
isolated from rodents in 1999, but is
lower than that observed in regions of
Brazil (10).
The presence of hantaviruses in
neighboring countries, as well as fre-
quent travel by people in and out of
French Guiana, has encouraged us to
continue studying these viruses. We
plan to conduct a study to systemati-
cally evaluate hantaviruses by sero-
logic analysis and genomic amplifica-
tion in persons with suggestive
pathology. This study will be carried
out in parallel with an investigation of
rodent reservoirs of hantaviruses.
Séverine Matheus,* 
Jean Baptiste Meynard,* 
Pierre Rollin,† Bertrand Maubert,*
and Jacques Morvan*
*Institut Pasteur de la Guyane, Cayenne,
French Guiana; and †Centers for Disease
Control and Prevention, Atlanta, Georgia,
USA
References 
1. Nichol ST, Spiropoulou CF, Morzunov S,
Rollin PE, Ksiazek TG, Feldmann HA, et
al. Genetic identification of a hantavirus
associated with an outbreak of acute respi-
ratory illness. Science. 1993;262:914–7.
2. Pini N, Levis S, Calderon G, Ramirez J,
Bravo D, Lozano E, et al. Hantavirus infec-
tion in humans and rodents, northwestern
Argentina. Emerg Infect Dis.
2003;9:1070–6.
3. Padula PJ, Colavecchia SB, Martinez VP,
Gonzalez Della Valle MO, Edelstein A,
Miguel SD, et al. Genetic diversity, distri-
bution, and serological features of han-
tavirus infection in five countries in South
America. J Clin Microbiol. 2000;38:
3029–35.
4. Mattar S, Parra M. Serologic evidence of
hantavirus infection in humans, Colombia.
Emerg Infect Dis. 2004;10:2263–4.
5.  Johnson AM, Bowen MD, Ksiazek TG,
Williams RJ, Bryan RT, Mills JN, et al.
Laguna Negra virus associated with HPS in
western Paraguay and Bolivia. Virology.
1997;238:115–27.
6.  Lopez N, Padula P, Rossi C, Miguel S,
Edelstein A, Ramirez E, et al. Genetic char-
acterization and phylogeny of Andes virus
and variants from Argentina and Chile.
Virus Res. 1997;50:77–84.
7. Gardon J, Heraud JM, Laventure S, Ladam
A, Capot P, Fouquet E, et al. Suburban
transmission of Q fever in French Guiana:
evidence of a wild reservoir. J Infect Dis.
2001;184:278–84.
8. Lednicky JA. Hantaviruses: a short review.
Arch Pathol Lab Med. 2003;127:30–5.
9.  Feldmann H, Sanchez A, Morzunov S,
Spiropoulou CF, Rollin PE, Ksiazek TG, et
al. Utilization of autopsy RNA for the syn-
thesis of the nucleocapsid antigen of a
newly recognized virus associated with
hantavirus pulmonary syndrome. Virus
Res. 1993;30:351–67.
10. Rivas YJ, Moros Z, Moron D, Uzcategui
MG, Duran Z, Pujol FH, et al. The sero-
prevalences of anti-hantavirus IgG antibod-
ies among selected Venezuelan populations.
Ann Trop Med Parasitol. 2003;97:61–7.
Address for correspondence: Séverine
Matheus, Centre National de Référence des
Arbovirus, Institut Pasteur de la Guyane, 23
Ave Pasteur, BP 6010, 97306 Cayenne
CEDEX, French Guiana; email: smatheus@
pasteur-cayenne.fr
Qinghai-like H5N1
from Domestic
Cats, Northern Iraq 
To the Editor: Natural infection
of several cat species with highly
pathogenic avian influenza (HPAI)
H5N1 viruses in Thailand (1–4) and
experimental infection of domestic
cats with similar viruses have been
reported (5,6). Thus, literature
describing HPAI H5N1 infection of
cats is limited to descriptions of infec-
tions with a subset of clade I viruses.
HPAI H5N1 viruses, highly similar to
viruses isolated from Qinghai Lake in
western People’s Republic of China in
spring 2005, are now rapidly dissemi-
nating throughout Eurasia and Africa.
To our knowledge, this is the first
report of a Qinghai-like virus detected
in domestic cats. This finding is note-
worthy because the host range of
influenza viruses is determined by the
antigenic characteristics of the
hemagglutinin and neuraminidase
molecules; clade II viruses are anti-
genically distinct from clade I viruses,
and Qinghai-like viruses are geneti-
cally distinct from other clade II
viruses. 
Personal communications in
January 2006 from field veterinarians
noted deaths of domestic cats that
were associated with suspected (even-
tually confirmed) H5N1 outbreaks in
eastern Turkey (2 villages) and
Kurdish northern Iraq (Sarcapcarn in
Sulymaniyah Governorate and Grd
Jotyar in Erbil Governorate). The
clinical conditions of the birds did not
suggest HPAI to villagers or consult-
ing veterinarians. In both scenarios in
Iraq, results of rapid antigen detection
tests with the Anigen kit (Suwon,
Republic of Korea), while positive for
influenza A, were negative for H5, so
the outbreaks were not thought to be
caused by HPAI, but concern about
the unusual deaths in cats remained.
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Because the regions are remote and
veterinary services limited, such anec-
dotal reports have rarely been fol-
lowed up.
After H5N1 influenza was diag-
nosed in a person in Sarcapcarn,
Kurdish northern Iraq, the govern-
ment of Iraq requested a World Health
Organization investigation, which
was supported in part by Naval
Medical Research Unit No. 3 veteri-
narians. While investigating the situa-
tion in Erbil Governorate, the team
was informed of suspicious deaths in
cats associated with the death of all 51
chickens in a household in Grd Jotyar
(≈10 km north of Erbil City) From
February 3 to February 5, 2006, five
cats reportedly died; 2 of these were
available for examination on
February 8. A sick goose from an
adjacent household was killed and
underwent necropsy with the cats.
Gross pathologic changes in cats were
similar to those previously reported,
except that severe hemorrhagic pan-
creatitis was observed (5,6). Tissues
from these animals and archived tis-
sues from 1 of the 51 chickens were
conveyed to Cairo for virologic exam-
ination.
An influenza AH5 virus was pres-
ent in multiple organs in all species
from the outbreak site in Grd Jotyar
(Table). cDNA for sequencing was
amplified directly from RNA extracts
from pathologic materials without
virus isolation. On the basis of
sequence analysis of the full HA1
gene and 219 amino acids of the HA2
gene, the viruses from the goose and
1 cat from Grd Jotyar and from the
person who died from Sarcapcarn
(sequence derived from PCR amplifi-
cation from first-passage egg materi-
al) are >99% identical at the
nucleotide and amino acid levels
(GenBank nos. DQ435200–02).
Thus, no indication of virus adapta-
tion to cats was found. The viruses
from Iraq are most closely related to
currently circulating Qinghai-like
viruses, but when compared with
A/bar-headed goose/Qinghai/65/2005
(H5N1) (GenBank no. DQ095622),
they share only 97.4% identity at the
nucleic acid level with 3 amino acid
substitutions of unknown signifi-
cance. On the other hand, the virus
from the cat is only 93.4% identical
to A/tiger/Thailand/CU-T4/2004
(H5N1) (GenBank no. AY972539).
These results are not surprising, given
that these strains are representative of
different clades (8,9). Sequencing of
1,349 bp of the N gene from cat 1 and
the goose (to be submitted to
GenBank) show identity at the amino
acid level, and that the N genes of
viruses infecting the cat and goose are
>99% identical to that of A/bar-headed
goose/Qinghai/65/2005(H5N1). These
findings support the notion that cats
may be broadly susceptible to circulat-
ing H5N1 viruses and thus may play a
role in reassortment, antigenic drift,
and transmission.
The route of infection in these cats
cannot be determined definitively.
How cats behave when eating birds
makes both oral and respiratory infec-
tion possible. However, the source of
infection seems clear in that an identi-
cal H5N1 virus was detected in sam-
ples from a goose from the same
dwelling, and an H5 virus was detect-
ed from archived samples from 1 of
51 chickens that died over the course
of a few days. The potential for hori-
zontal spread cannot be ruled out
since we detected viral RNA in gut,
stool, and trachea; clinical signs
developed in all cats, and all died
from the acute illness 2–4 days after
the chicken deaths began; therefore,
simultaneous exposure seems likely.
Death in cats, spatially and temporal-
ly associated with unusual deaths in
poultry, especially when the cats show
positive results of a rapid antigen
detection test for influenza A, should
be considered to indicate a presump-
tive diagnosis of HPAI, and appropri-
ate response should ensue.
Acknowledgments
We thank Elham Botrus Shabo,
Saman Najeeb, Faisal Polus, Sura Jabar,
Saidawan Omer Yussif, and Burhan
Sulaiman for facilitation and technical
assistance in sampling and performing
necropsies, and Bradford Camp, Odis
Kendrick, and Kosar Shaheer for commu-
nications and security.
This work was supported by funding
through the Naval Medical Research
Center work unit GEIS E0018.
1296 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 8, August 2006LETTERS
Samuel L. Yingst,* Magdi D. Saad,*
and Stephen A. Felt*
*US Naval Medical Research Unit No. 3,
Cairo, Egypt
References
1. Keawcharoen J, Oraveerakul K, Kuiken T,
Fouchier RA, Amonsin A, Payungporn S, et
al. Avian influenza H5N1 in tigers and
leopards. Emerg Infect Dis.
2004;10:2189–91.
2.  Thanawongnuwech R, Amonsin A,
Tantilertcharoen R, Damrongwatanapokin
S, Theamboonlers A, Payungporn S, et al.
Probable tiger-to-tiger transmission of
avian influenza H5N1. Emerg Infect Dis.
2005;5:699–701. Erratum in Emerg Infect
Dis. 2005;11:976.  
3. Songserm T, Amonsin A, Jam-on R, Sae-
Heng N, Meemak N, Pariyothorn N, et al.
Avian influenza H5N1 in naturally infected
domestic cat. Emerg Infect Dis. 2006;12:
681–3.
4. Amonsin A, Payungporn S, Theamboonlers
A, Thanawongnuwech R, Suradhat S,
Pariyothorn N, et al. Genetic characteriza-
tion of H5N1 influenza A viruses isolated
from zoo tigers in Thailand. Virology.
2006;344:480–91.
5. Rimmelzwaan GF, van Riel D, Baars M,
Bestebroer TM, van Amerongen G,
Fouchier RA, et al. Influenza A virus
(H5N1) Infection in cats causes systemic
disease with potential novel routes of virus
spread within and between hosts. Am J
Pathol. 2006;168:176–83.
6. Kuiken T, Rimmelzwaan G, van Riel D, van
Amerongen G, Baars M, Fouchier R, et al.
Avian H5N1 influenza in cats. Science.
2004;306:241.
7. Spackman E, Senne DA, Myers TJ, Bulaga
LL, Garber LP, Prdue ML, et al.
Development of a real-time reverse tran-
scriptase PCR assay for type A influenza
virus and the avian H5 and H7 hemagglu-
tinin subtypes. J Clin Microbiol. 2002;
40:3256–60. 
8.  World Health Organization Global
Influenza Program Surveillance Network.
Evolution of H5N1 avian influenza viruses
in Asia. Emerg Infect Dis. 2005;11:
1515–21.
9. Chen H, Smith GJD. LI KS, Wang J, Fan
XH, Rayner JM, et al. Establishment of
multiple sublineages of H5N1 influenza
virus in Asia: implications for pandemic
control. Proc Natl Acad Sci U S A.
2006;103:2845–50. 
Address for correspondence: Samuel L. Yingst,
Naval Medical Research Unit No. 3, PSC 452,
Box 115, FPO, AE 09835-0001 yingsts@
namru3.med.navy.mil 
Classifying
Escherichia coli
To the Editor: Enteropathogenic
Escherichia coli (EPEC), 1 of the 6
pathotypes of diarrheogenic E. coli
(DEC), promotes attaching-effacing
lesions in eukaryotic cells. These
lesions are mediated by intimin, an
outer membrane adhesive protein
encoded by the eae (E. coli attaching-
effacing) gene (1). EPEC is currently
subdivided into typical and atypical
subgroups. While typical EPEC carry
the EPEC adherence factor plasmid
(pEAF) that encodes the bundle-form-
ing pilus (BFP) and a complex regula-
tor of various virulence genes (Per)
(1), atypical EPEC is devoid of pEAF
(or does not express a functional BFP)
(1,2). Typical EPEC expresses the
localized pattern of adherence (LA),
which is characterized by compact
bacterial clusters on HeLa and HEp-2
cells (1). Conversely, atypical EPEC
most often expresses the LA-like pat-
tern (with loose bacterial clusters) or
adherence patterns of other DEC
pathotypes (2).
Enteroaggregative E. coli (EAEC),
another DEC pathotype, is identified
by the characteristic aggregative pat-
tern of adherence (AA) in HeLa/HEp-
2 cells; bacteria attach in aggregates
to cell surfaces as well as around cells
(1,3). EAEC colonizes the intestinal
mucosa, forming a thick biofilm that
favors prolonged colonization and
induces malnutrition (1–3). Actually,
this pathotype is heterogeneous
regarding the presence of putative vir-
ulence genes and has recently been
subgrouped into typical and atypical
EAEC, which carry and lack AggR (a
global regulator of EAEC virulence),
respectively (1,3).
We recently conducted a study at
the Instituto de Puericultura e
Pediatria Martagão Gesteria in Rio de
Janeiro, Brazil, on the etiology of
diarrhea affecting children of low
socioeconomic status (V.B.C. Girão et
al., unpub. data). In the study, all E.
coli isolates were analyzed regarding
their adherence patterns in HeLa cells
and the presence of specific virulence
genes of the DEC pathotypes, accord-
ing to previously reported methods
(4,5). Among 481 children (<2 years
old) with diarrhea who were exam-
ined, 16 (3.3%) carried E. coli strains
that co-expressed LA and AA
(LA/AA), a phenotype not found
among strains of 99 control children
without diarrhea at the same hospital.
The LA/AA phenotype was con-
firmed in individual colonies of each
strain as well as in HEp-2 cells. In
both cell lineages, prolonged assays
(6 hours) showed that a mature
biofilm that masked the LA pheno-
type had developed.
Although LA/AA co-expression in
some human E. coli has been previ-
ously reported by Bouzari et al. (6),
further information on these isolates
is lacking. Moreover, since the
expression of LA and AA is used to
classify fecal E. coli as typical EPEC
and EAEC (1,3), respectively, the
classification of such strains within
the DEC pathotypes is difficult. To
determine their most appropriate clas-
sification, we further characterized
the 16 LA/AAstrains of our collection
(Table). Colony hybridization assays
used to search for additional E. coli
virulence genes (bfpA,  perA, E-hly,
daaC, cdt, cnf, hly, aggR, aggC, aafC,
aap, shf, irp2, pet, pic, astA, pap, afa,
sfa, efa, paa, saa, enfA) (1,3–5,7)
showed that all strains carried eae,
bfpA, and perA, and 13 also carried
the EAF sequence (a cryptic pEAF
marker). Less commonly found genes
were paa, shf, irp2, astA, and efa, and
the remaining genes were absent. BFP
expression was confirmed in all
strains by immunoblot, and positivity
in the fluorescent actin staining assay
(8) demonstrated that they can pro-
duce attaching/effacing lesions. PCR
analysis of 4 (α, β, γ, and δ) (9) of at
least 10 recognized intimin subtypes
(1) showed that subtype δ was the
most frequent. Serotyping (5) identi-
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 8, August 2006 1297